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This report describes the results of measurements of responsivity of
extrinsic silicon infrared detectors near their ohmic contacts. These detectc:
responsivity measurements were made by utilizing an apparatus developed at
The Perkin-Elmer Corporation. This apparatus consists of a source of infrared
radiation focused to a spot and mounted on a cryogenic x-y stage. The source
of radiation and the cryogenic stage are mounted in the same low background
photon flux and low temperature chamber as the detectors. The description of i
the apparatus and its characterization are also presented in this report.ﬁi i
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The responsivity of these detectors near the contacts deconvolved wit. the
dimensions of the experimental focused spot indicated the extent (distance)
to which the contacts alter the equilibrium conditions in the bulk semiconducto:
Clearly, the contact effects are dependent on the background photon-flux on the
detectors. Hence, the detectors responsivities were measured under high and
low background photon-flux conditions. The results of these measurements in
view of the theoretical predictions are also reported here.
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The experimental effort repcrted here should be examined as a very prelimi-|
nary step towards understanding or experimentally establish some of the predic-
ted abnormal behavior of extrinsic silicon infrared detectors. However, some
general conclusions can be derived on the basis of this work and are listed
below:

1. Contact Effects - Revisions in application of Ludman/Silverman Theory*
to SiAs after the contract was initiated showed the effects to be milder by a
factor of ten than originally believed. Hence, we were looking for contact
effects extending to 2 um with a 70 pm spot. Given other non-ideal effects
(surface states, defects, etc.) expected near the contact region, it is not
surprising that no enhancement at the contacts was found. When this was
realized, emphasis shifted to establish contour reproducibility. In parti-
cular, whether true, "lifetime profile'" is measured in this type of anode to
cathode scan.

2. Some confidence in the reproducibility of contours has been established
with a range of scan rate, chopping frequency and laser power.

3. Better or sharper detector contacts are required to obtain accurate
measurements of the contact effects--peri.aps ion implanted n* contacts. A
uniform detector response between the contacts will help the data analysis
immensely. A small spot size adds to the accuracy of measurements.

4. Utilize detectors which have higher operating temperatures for which
higher enhancement in responsivity due to carrier "spill-over'" is expected.**

% Private Communication - Ludman/Silverman
*% Private Communication - Ludman/Silverman
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EVALUATION

1. This report is the Final Report on the contract. It covers
research done on characterization of responsivity profiles of low
compensation extrinsic silicon arsenic infrared detectors by scanning
with a seventy micron spot of laser light. A realm of conditions
(laser power, chopping frequency, scan speed and background level)
was identified where a true responsivity contour is observed.
Recommendations were made on modified experiments in order to
definitively test a theory of contact effects developed at [T.

2. The above work is of value in providing guidance as to the proper
characterization and testing of IR detectors already used in and
planned for USAF surveillance systems.

Yerry Sulbirersman

jtiijgzLVERMAN

Project Engineer
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SECTION I

1.1 INTRODUCTION

The anomalous behavior of the extrinsic silicon infrared detectors
operating at very low temperatures under very low background photon-flux
conditions has been extensively reported. A recent theoretical investi-
gation of Ludman and Silverman addressed the anomalous behavior of
these detectors near the contact region. The ohmic contacts to these
silicon detectors can be considered as high-low junction contacts. The
theory then investigates the variations in the detector responsivity near
the contacts in view of the effects at low temperature of the high-low
junction contacts. The profiles of the free-carriers and ionized impurity
concentrations can be obtained by considering the contacts as a one-
dimensional abrupt junction. The bulk material, considered as the low
side of the junction, is assumed to have a doping level of 10]6 impuri-
ties/cm3 and compensation levels in the range of 1012 to 10]4 carriers/
cm3. Order of magnitude perturbations from bulk equilibrium carrier
concentrations are predicted on the low side of the junctions of dis-
tances up to 5um from the junction interface or the contacts. The effect
of these perturbations in carrier concentration might experimentally be
realized by measuring the response of the detectors to infrared radiation
as a function of the distance from the contacts.

This report describes the results of measurements of responsivity
of extrinsic silicon infrared detectors near their ohmic contacts. These
detector responsivity measurements were made by utilizing an apparatus
developed at The Perkin-Elmer Corporation. This apparatus consists of
a source of infrared radiation focused to a spot and mounted on a cryo-
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genic x-y stage. The source of radiation and the cryogenic stage are
mounted in the same low background photon flux and low temperature cham-
ber as the detectors. The description of the apparatus and its charac-
terization are also presented in this report.

The responsivity of these detectors near the contacts deconvolved
with the dimensions of the experimental focused spot indicated the extent
(distance) to which the contacts alter the equilibrium conditions in the
bulk semiconductor. Clearly, the contact effects are dependent on the
background photon-flux on the detectors. Hence, the detectors respon-
sivities were measured under high and low background photon-flux
conditions. The results of these measurements in view of the theoretical
predictions are also reported here.

1.2 PROGRAM OBJECTIVES

The objectives of this program were to measure the detector respon-
sivity by scanning a focused spot of infrared radiation across the active
area of the detector under the following conditions.

a. Various intensities of the focused spot.

b. Various scanning speeds of the focused spot.

c. Various modulation frequencies of the focused spot.

d. The above experiments repeated for higher background photon-

flux conditions.

The other objective of this program was to analyze the results
in terms of the predicted theory.

it




SECTION II

CONTOUR _MAPPING APPARATUS

2.1 INTRODUCTION

The low temperature and low background photon-flux apparatus for
measuring spatial responsivity of infrared detectors was developed by
Perkin-Elmer under IR&D funding. The responsivity contour mapping ap-
paratus is a part of a sample holder for the variable temperature liquid
helium cryostat. Photographs cf the cryostat and the sample holder are
shown in Figure 1. The contour mapping apparatus is briefly described
in the following paragraph.

2.2 GENERAL DESCRIPTION OF THE CONTOUR MAPPING APPARATUS

A schematic drawing of the contour mapping apparatus is shown in
Figure 2. The apparatus consists of a lead-tin-selenide laser diode which
is the source of the infrared radiation at 10.6un. The radiation from the
laser diode overfills a 200un diameter aperture. A single f/2.5 germanium
lens 1s placed so as to demagnify the aperture by a factor of 8. A sche-
matic diagram of the laser diode and the 1lens is shown in Figure 3. A
photograph of the laser-lens mount {s shown in Figure 4. This mount is
designed to eliminate any stray infrared radiation, and hence, allows
changing the laser radiation output by many orders of magnitude without
changing the background photon-fiux conditions. The laser-lens mount
is attached to the x-y cryogenic stage. The detectors under test are
mounted in a plane perpendicular to the optical axis of the optical axis
of the laser-lens mount. The detectors, laser-lens mount and the x-y stage
are enclosed in a copper container with blackened walls which, being at
a temperature of 4.2%, provide the very-low background photon flux
conditions.

The cryogenic stage 1s driven by geared down dc motors external
to the helium cryostat. These motors also drive ten-turn potentiometers

-




which serve as the x and y position sensors for the crycgenic stage. The
detector output signal together with the outputs of the x and y position
sensors are fed to an x-y recorder via an adapter circuit to obtain pseudc
three dimensional plots of detector responsivity as a function of position
of the focused spot. A schematic diagram of the electrical circuits for
the contour mapping apparatus is shown in Figure 5. The infrared radia-
tion is modulated by controlling the current through the laser diode at
the desired frequency. The details of the adapter circuit for the x-y
recorder are described below.

2.3 ADAPTER CIRCUIT FOR X-Y RECORDER

An adapter circuit was designed and built to modify the x-y recorder
output to obtain the perspective three-dimensional piot. The basic princi-
ple of this adapter circuit is shown in Figure 6, and Figure 7 shows the
detail schematic of the adapter circuit. In Figure 6, X IN and Y IN are
the voltages from the x and y position sensors of the cryogenic stage.
Adjustable portions of X IN and Y IN, and the detector output signal
(denoted, respectively, by a b and ¢ in Figure 6), are fed into the two
operational amplifiers to obtain the psuedo-three-dimensional effect.

A full range d.c. offset for both x and y axes was incorporated in the
adapter circuit so that any portion of the scan could be appropriately
expanded. A signal simulator was also built into the adapter circuit to
test the three-dimensional plots and thereby provide a reference. Figure 8
shows a three-dimensional plot obtained by using the adpater circuit and
the signal simulator.

2.4 CHARACTERIZATION OF THE FOCUSED LASER SPOT

To understand the results of contour-mapping an infrared detector,
it is important to define the diameter and the profile of the focused spot.
The approach taken here to characterize the spot was to focus the spot at a
pinhole, 25;m in diameter, in a metal mask placed in close proximity to a
large (2mm by 1mm) extrinsic silicon detector. The focused spot was scanned
past the pinhole and the detector signal versus the position of the spot was
recorded. Mathematically, scanning the spot across the pinhole and collect-




ing all the energy passing through the pinhole represents a convolution of
the focused laser spot with the pinhole in the mask. Thus, the shape and
size of the focused laser spot can be obtained by deconvolving the experi- b
mentally determined values of the detector signal with the circular pinhole.
To a first approximation the diameter of the spot alone can be obtained by
subtracting 25un, the diameter of the pinhole, from the diameter of the
experimentally determined detector signals. The results of the pinhole
experiments are shown in Figure 9 which shows that the focused spot is |
very symmetrical. The diameter of the circle defined by the points, where
the signal goes to zero from Figure 12, 1s 95um. As mentioned above, the
diameter of the spot to a first approximation is obtained by subtracting
25um from the measured diameter of 95um, and 1s 70um.

In the contour-mapping apparatus, the radiation from a 10.6um laser
diode is focused to a spot by a single f/2.5 germanium lens. The diameter
of the first dark ring of a diffraction-limited spot is given by

diameter (inum) = 2.44 Xf/No.

where ) is in ym which for the present case is 10.6un. Thus the diameter
of the first dark ring is 65un. This agrees remarkably well with the
measured value.

The scan was continued to 0.1 inch in both x and y directions from
the pinhole, and no signal was observed within the experimental error,
which was +2% of the peak signal. Thus, we concluded that there are neither
measurable side lobes of the spot or any unwanted reflections. The jagged
appearance of the contours in Figure 12 is due to the finite steps in the
position sensors of the x-y cryogenic stage. Each of the regularly spaced
jagged steps corresponds to 2.5um, which is also the 1imit of accuracy of
our apparatus. It appears that we have a near diffraction-limited, sym-
metrically focused laser spot with a diameter of 70um inch at the detector
and with no measurable side-lobe configurations.

2.5 BACKGROUND PHOTON-FLUX MEASUREMENTS

An arsenic-doped silicon detector, calibrated by the Naval Electronics
Laboratory Center at San Diego, was installed in the same plane as the detec-




tor arrays under test. The calibration data on this background photon-flux

monitor detector is shown in Figures 10 and 11. The impedance of the monitor
detector was directly measured by using a Keithley Model 610 electrometer.
The measured impedance was 3x1013ohms. which from Figure 13 corresponds to
~3x109 photons/sec cm2 at 2.5ym or ~109 photons/sec em? at 10.6um using '
the spectral calibration curve shown in Figure 10. The impedance of this {
detector was measured during different experiments for various laser output N
powers and positions and was found to be the same within experimental error.




Figure 2.1. Sample Holder and the Liquid Helium Dewar for the
Contour Mapping Apparatus
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Figure 2.8. A Simulated x-y-z Plot Obtained by Using the Adapter Circuit
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SECTION III

SUMMARY OF THEORETICAL PREDICTIONS

3.1 INTRODUCTION

This section summarizes very briefly the predictions of Ludman and
Silverman's theory on the high-Tlow junction contacts. The theoretical
prediction of highest interest for this work is the enhanced detector
responsivity near the contacts.

This section also summarizes the effects of the finite size
of the experimental focused spot used to investigate the region of
enhanced responsivity.

3.2 SUMMARY OF HIGH-LOW JUNCTION THEORY

The effect of high-low contacts to extrinsic silicon infrared
detectors at low temperatures has been theoretically investigated.
The effect has been studied for the case of zero bias electric field
The profiles of the free-carriers and ionized impurity concentrations
can be obtained by considering the contacts as a one-dimensional abrupt
junction. The buik material, considered as the low side of the junction,
is assumed to have a doping level, ND’ of 10]6 1mpur1t1es/cm3 and compen-

sation levels, NA’ in the range of 10] to 'IO‘4 carr1ers/cm3

Figure 3.1 shows a plot of the ionized donor profiles, ND+
high-low junction in thermal equilibrium as a function of distance
~ from the contacts at several compensation levels. The n'n Jjunction is
assumed to be 1019 to 1016. As can be seen from Figure 3.1, orders of
magnitude perturbations from bulk equilibrium values are observed on the
low side of the junction up to 3 microns. This "spill-over" effect into
the bulk semiconductor results in enhanced 1ifetime and hence detector

18




responsivity near the contacts. The predicted "point" responsi=
vity as a function of distamce from the contacts is listed

in Table 3.1. The effect of these perturbations in carrier concen-
tration can be experimentally realized by measuring the response of
the detectors to infrared radiation as a function of the distance
from the contacts.

~]016

with

Thus for n-type infrared silicon detectors with ND
in the bulk region and a compensation level, NA’ of 5x10
an n* contact (1019 carriers/cc) theory predicts

12

o Carrier spill-over
o Ionized donor depletion effects

0 Resulting in 1ife-time and hence responsivity
enhancement up to 3um from the contacts.

3.3 EFFECT OF EXPERIMENTAL FOCUSED SPOT
The theory indicates that the contact effects on the detector

- responsivity should happen in the first 3um or so. The question arises

whether one can see an effect confined to 3um from the contacts with our
scanning spot which is 70um in diameter (as shown in Section II).

A theoretical analysis was conducted to establish the effect of
our experimental spot convolved with:

a. Ideal response of an ideal detector (with no contact-
effects).

b. Response of an ideal detector with enhanced responsivity
near the contacts.

Figure 3.2 shows the ideal response of an ideal detector and the
predicted profile when convolved with our experimental spot. Figure 3.3
shows the results of caiculations for the case of a detector with contact
enhanced spikes convolved with our experimental spot.

19
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Figures 3.3(a), 3.3(b), 3.3(c) and 3.3(d) show the results of
enhanced responsivity of ]05. 888, 40 and 3.1 respectively. In these
results note the following:

0o The curves marked "ideal" show the effect of con-
tacts on a detector scanned with a point spot.

0 The curves marked "measured" show the corresponding
profiles when convolved with our experimental spot.
The curves marked "measured" also show the effect
for one centact only for the sake of simplicity.
The distance scales of the corresponding profiles
have been arbitrarily displaced.

For these "measured" curves, the enhanced responsivity at the con-
tacts is clearly discernable for the first three cases. However, for the
enhancement of 3.1 in responsivity the "measured" curve does not have the
clearly defined "bump" at the contact. Figure 3.4 shows the case of 3.1
enhanced responsivity redrawn on a larger scale. Also shown in the
"measured" curve for the case of no contact effects. It is evident in
Figure 3.3 that the slope of the curve for 3.1 responsivity enhancement
is higher than that for no contact effects, and is about a factor two
higher. This tends to indicate that enhancement effects as low as 3.1
might be experimentally measured with our. focused spot.

3.4 EXPERIMENTAL RATIONALE

Based upon the above, the following situations could occur in
actual detectors: (a) the enhanced responsivity is > 40, hence large
responsivity peaks at the detector edges, (b) the enhanced responsivity
is < <40 so that there is no discernable responsivity peak at the edges
of the detectors. Thus the Togical approach to study the contact effects
is to conduct the experiments in the following order:

1. Measure the responsivity of the detector as the focused
spot transverses from contact to contact or parallel to
the bias direction. If a peak in the responsivity is
observed near the detector edges then condition (a),

20
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described above, is applicable. If no responsivity peak
is observed, then condition (b) is applicable.

If condition (b) 1s applicable then measure the respon-
sivity by scanning the focused spot parallel and per-
pendicular to the bias field. The scan perpendicular
tc the bias field produces a situation of no contact
effect. Thus the difference in slopes of the scans
parallel and perpendicular to the bias field, if any,
will give the magnitude of the enhanced responsivity.

Measure the responsivity under very low background
photo-flux on the detector and repeat the measurement
by increasing the background photon flux by many orders
in magnitude. The latter high background photon-flux
condition might minimize the contact effects condition
and thus providing the required reference (no effect)
condition.

The results of these experiments are described in Section IV.
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Position From
Contact (um)

‘; 0
0.5
1.0
2.1
.37

2.7

TABLE 1.3 ENHANCED RESPONSIVITY FOR HIGH-LOW JUNCTION CONTACTS
WITH Ny = 5 x 102 anD T = 15k

Enhanced

Responsivity

©

7 x 10'°

2.5 x 10
880

3.1
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SECTION IV

RESULTS

4.1 INTRODUCTION

This section describes the results of responsivity scans con-
ducted on three extrinsic silicon detectors under different measure-
ment conditions.

4.2 CHARACTERISTICS OF DEIgCTORS INVESTIGATED

The work conducted during this reporting period was performed on
three extrinsic silicon detectors, two supplied by Hughes Research Labora-
tory and one supplied by Rockwell International. The characteristics of
these three detectors are summarized in Table 4.1.

TABLE 4.1. DETECTORS MEASURED

Type of Contract: NN

{
Source Impurity ND NA
Rockwell Int. Si:As = 1016 o I 1013
Hughes Res. Lab Si-As G 1016 ~ 2 X 1013

4.3 DETECTOR-AMPLIFIER ASSEMBLY

The detectors were mounted on a common substrate, and along with
the preamplifiers and the total assembly in turn was mounted to a copper
block. The detector-preamplifier package configuration is schematically
shown in Figure 4.1 The design of the lead-out pattern on the substrate
allowed the direction of detection bias to be easily changed during test
measurements.

The detector-preamplifier package was installed in the cryostat
containing the contour mapping facility.
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4.4 MEASUREMENT RESULTS

Detector responsivity contours were mapped to establish a reason-
ably good detector area to be used for the study of contact effects.
Some of these pseudo three-dimensional contour maps are shown in Figures
4.2 and 4.3. These measurements indicated that there were no areas of
the detectors which presented a uniform responsivity contour. These
experiments also showed that the two detectors supplied by Hughes
Research Laboratory (Figure 4.2) behaved very similar to each other
and appeared to be more uniform than the Rockwell International detector
(Figure 4.3).

Responsivity contour maps of Hughes detectors are shown in
Fiqures 4.4 and 4.6. These scans parallel to the bias field, show that

a. The detectors are not uniform.

b. At the contacts, the responsivity does not show peaks
consistent with condition (a) (see Section 3.4).

The above responsivity contour maps of Hughes detectors were
repeated with the bias field reversed. This scan is shown in Figure 4.7.
The shape of the responsivity scan shown in Figure 4.7 is different than
those of Figure 4.4 to 4.6, possibly due to a shift in detector area
scanned. However, if the reverse-biased scan (Figure 4.7) is super-
imposed on one of the parallel scans (Figure 4.4), we find that the
initial slope of the scan is the same (see Figure 4.8). This result
should be considered only as a preliminary evidence and does not con-
clusively prove that the direction of the bias field has no effect on
the detector responsivity contour.

In the absence of any responsivity peaks near the contacts of
these detectors, we measured the responsivity contour maps of the de-
tectors parallel to the bias field and perpendicular to the bias field.
The scan perpendicular to the bias field provides the case of no contact
effects and is shown in Figure 4.9. The slopes of the beginning of the
responsivity contour maps of Figqure 4.4 (parallel scan) and Figure 4.9

28




i

(perpendicular scan) are shown in Table 4.2. Table 4.2 also shows the
slopes of the responsivity contours of the theoretical non-contact
effect and contact-effect case as shown in Figure 3. of Section III.
The slope of the contour with no contact effects was higher than that for
the one that contained contact effects. This is clearly contrary to
the expected result. In order to understand this anomalous behavior,
it was suggested (Ludman and Silverman) that we conduct the following
experiments: Turn the focused spot on and off while it is focused at
the same point on the detector and measure the time it takes for the
signal to rise or fall. The results of these experiments are shown

in Figures 4.10 and 4.11 anc show that the signal rises with a time
constant of several seconds when the laser radiation is turned on.

The scan rate was approximately 10um/sec.

This modified scanning technique suggests that if the contour
mapping was done at a scan rate faster than the time it took for the
signal to rise, then the effects due to the contacts would be totally
masked. In view of this discovery a 1ist of suitable experimental
conditions was developed. The 1{st of the experiments {is as follows:

Experiment No. 1

a. Intensity of the focused-spot constant (or laser current
at 300ma and constant).

b. Spot scan speed fixed at the lowest value possible.

c. Three different laser modulation frequencies, namely,
1.5Hz, 5Hz and 10Hz.

d. Repeat (c) for two higher scan rates.

e. Repeat at least one or two of the above nine scans to
show reproducibility.

f. Laser on-off experiments at three points on the detector,
namely, anode, cathode and the center of the detector.
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Slope

02 (63.8°)
43 (55°)
43 (55°)

35 (81.19)

TABLE 4.2. SLOPES OF THE BEGINNING OF THE CONTOURS
Experiment

Perpendicular Scan 2.
Parallel Scan 1.
Theoretical No Contact Effect Ta
Theoretical with Contact Effect 6
(3.1 times)

]

F

;
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TABLE 4.3. LIST OF SCANS FOR EXPERIMENTS NO. 1 AND NO. 2
{Low Background)

Laser Laser Scan Slope of the
Figure No Freq.in Hz Power ma Rate um/sec Scan in Deg. i
4.12, 4.13 1.5 300 4.25 83 |
4.14, 415 .5 300 4,25 85
4.16 10 300 4,25 81
4.17 1.5 300 5.5 82.5
4.18 1.5 300 7.0 84
4.19 5.0 300 5.5 84.5 |
4.20 5.0 300 7.0 84 |
4.21 10 300 5.5 82 |
4.22 10 300 7.0 81 :
4.23, 4.24 5 500 5.5 84 i
4.25, 4.26 5 100 5.5 83 i
4.27 5 550 5.5 80 f
4,28, 4.29 5 400 Discrete 84
4.30, 4.31, 4.32 5 400 Laser on-off
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TABLE 4.4. LIST OF SCANS FOR EXPERIMENT NO. 3
(High Background)

Laser Laser Scan Slope of the
Figure No. Freq.in Hz Power Amp Rate um/sec. Scan in Deg.

4.33 1.5 1 5.5 77
4.34 1:5 1 5.5 81
4.35 125 1 7.0 80
4.36 5 1 4.25 81
4.37 5 1 5.5 81
4.38 5 1 5.5 81
4.39 5 1 7.0 82
4.40 10 1 4.25 82
4.41 10 | 5.5 82
4.42 10 1 7.0 83
4.43 5 1 5.5 82
4.44 5 1 5.5 82




Experiment No. 2

a. Scans at the best scan rate and modulation frequency, as
determined by Experiment No. 1, for three different laser
powers.

b. If possible, at one laser power do a discrete scan which is
essentially driving a spot to a position and stopping the
scan and so on.

Experiment No. 3

a. Repeat Experiment No. 1 for the case of high background
photon flux conditions.

Experimentally, the lowest scan rate was found to be 4.25um/sec.
Below this scan rate large sticktion in the gear drive was observed.
The variables for the above three experiments are listed in Table 4.3 and
4.4,

4.4.1 Results of Experiments No. 1 and No. 2

Figures 4.12 to 4.32 show the results of Experiments No. 1 and
No. 2. The different measurement conditions for scans shown in Figures
4.12 to 4.32 are listed in Table 4.3. Table 4.3 also 1ist the slope of
the initial part of each scan in degrees. Figures 4.30, 4.31 and 4.32
show the results of the laser on-off experiment with the focused spot at
the anode, the center of the detector and the cathode respectively. The
time constant for the signal to reach 1/e of its maximum value when
the laser was turned on was 1.2 secs and was the same for all three
positions. The signal fall time when the laser was turned off was
0.3 sec in all three cases. Figures 4.28 and 4.29 show the results
of discrete scan. At each of the positions masked, the scan was
stopped for 10 secs. These scans showed nothing different from all
the other scans.

4.,4,2 Results of Experiment No. 3

The results of Experiment No. 3 are shown in Figures 4.33 to
4.42., The different measurement conditions for scans shown in

33




Figures 4.32 to 4.42 are listed in Table 4.4. As the results of
these scans taken under high background photon-fiux conditions, the
detector signal to noise is considerably higher and thus results

in poor quality of the responsivity contour maps.
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SECTION V

DISCUSSION OF RESULTS AND CONCLUSIONS

5.1 DISCUSSION OF RESULTS

Based on the results of Section IV, we can outline the following general
trends of these experiments.

1. For the low background photon flux conditions, the contour maps are,
in general, independent of the scan rate, laser chopping frequencies, and laser
power. Apparently, the general shape of the detector responsivity profile is
being observed. The decrease in the amplitude of the maximum signal with in-
crease in chopping frequency is consistent with the laser on/off time constants.

2. For higher laser intensities in experiments 1 and 2, the on/off rise-
time constants are faster and more symmetrical.

3. The on/off experiments show that the rise-time of the signal at Tow
background is longer than the fall time.

4. The high background results are too noisy to be very useful but do
indicate some unexplained change in the shape of the detector contours.

5.2 CONCLUSIONS

The experimental effort reported here should be examined as a very pre-
liminary step towards understanding or experimentally establish some of the
predicted abnormal behavior of extrinsic silicon infrared detectors. However,
some general conclusions can be derived on the basis of this work and are
listed below.

1. Contact Effects - Revisions in the application of the Ludman/Silverman

Theory* to Si:As after the contract was initiated showed the effects to be
milder by a factor of ten than originally believed. Hence, we are looking for

contact effects extending to ~2um with a 70um spot. Given other non-ideal

effects (surface states, defects, etc.) expected near the contact region, it
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is not surprising that no enhancement at the contacts was found. When this was

realized, emphasis shifted to the establishment of contour reproducibility; in
particular, whether a true "lifetime profile" is measured in this type of anode

to cathode scan.

2. Some confidence in the reproducibility of the contours has been esta-
blished within a range of scan rate, chopping frequency and laser power.

3. Better or sharper detector contacts are required to obtain accurate
measurements of the contact effects--perhaps ion implanted n* contacts. A uni-
1 form detector response between the contacts would help the data analysis irmenseiy
A smaller spot size would aid in the interpretation of the measurements.

4. Longer wavelength detectors with higher operating temperatures for which

greater enhancement in responsivity due to carrier "spill-over" is expected**

would provide a more significant test of the theory.

* Private Communication - Ludman/Silverman
** Private Communication - Ludman/Silverman
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